There is limited information on long-term outcomes of mitral valve repair for mitral regurgitation (MR) caused by different degrees of myxomatous degeneration. The aim of this study was to compare the surgical results of patients with advanced and mild/moderate myxomatous mitral valve degeneration (MVD). We identified 130 patients (25 advanced and 105 mild/moderate MVD patients) who underwent mitral valve repair for MR and were pathologically diagnosed as myxomatous degeneration. Follow-up was 100% complete (mean length, 5.1 ± 1.8 years). Survival differed significantly between the advanced and mild/moderate MVD groups (76.0 ± 9.7% versus 95.0 ± 5.4% at 8 years, P < 0.001). The univariate predictors of mortality were advanced myxomatous degeneration, recurrent MR, and early series (surgeries before 2011). The mild/moderate MVD group had higher freedom from a moderate or severe MR rate compared with the advanced MVD group (77.4 ± 4.5% versus 50.5 ± 10.2% at 7 years, P = 0.003). Multivariable Cox analysis revealed advanced myxomatous degeneration and residual MR as independent predictors of recurrent moderate or severe MR. A total of 25 patients (19.2%) had persistent atrial fibrillation (AF) after repair. In multivariate analysis, advanced myxomatous degeneration was found to be an independent predictor of postoperative persistent AF.
D egenerative mitral valve disease is the most common cause of surgical severe mitral regurgitation (MR) in Western countries, affecting 2-3% of the general population. 1) The major functional abnormality related to degenerative mitral valve disease is leaflet prolapse. Mitral valve repair is considered to be the preferred surgical treatment for degenerative MR. 2) The etiology of degenerative diseases should be highlighted in mitral valve repair since it has some important surgical implications. [3] [4] [5] However, few trials in the mitral valve repair literature have focused on the relationship between the etiology of degenerative diseases and outcomes after surgery. 6, 7) Myxomatous degeneration is the most common cause of mitral valve prolapse (MVP). Previous studies have re-ported that advanced myxomatous degeneration of the mitral valve is associated with increased risk of reoperation and recurrent MR. Nevertheless, etiologic differentiations in these studies are mainly based on clinical patterns and gross appearances. 8, 9) There has been limited data combining pathologic analysis and surgical inspection to classify the degree of myxomatous degeneration. Little is known regarding the outcomes of advanced versus mild/moderate myxomatous mitral valve degeneration (MVD) on survival, reoperation, recurrent MR, and arrhythmia. 10) These 2 classifications may have different outcomes, because advanced MVD is a more generalized degeneration of the valve.
The aims of the present study were to compare out-REPAIR FOR MITRAL VALVE PROLAPSE We differentiated between advanced and mild/moderate myxomatous degeneration on the basis of clinical pat-tern, operative inspection and pathologic analysis. Advanced myxomatous degeneration of the mitral valve was defined as (1) both leaflets were thickened ( !3 mm), voluminous, and aneurysmal; (2) the mitral annulus diameter in systole was 40 mm or larger; (3) the chordae tendineae were thick and obviously myxomatous; and (4) diffuse histopathologic alternations of the valve tissue. [9] [10] [11] Advanced MVD was present in 25 patients (19.2%). The remaining 105 patients (80.8%) were classified as having mild/moderate MVD. Preoperative characteristics are listed in Table I . Mitral annular diameter was significantly larger and bileaflet prolapse, prolapse of 3 or more leaflet segments, and chordae elongations were significantly more in patients with advanced MVD. Patients with mild/ moderate MVD were significantly older and had more posterior leaflet prolapse. Surgical techniques: For repair of prolapsed leaflets, reconstructive techniques described by Carpentier and others were used. 12) Posterior leaflet prolapse was treated with leaflet resection with or without sliding plasty, and chordal replacement with Gorx-Tex and expanded polytetrafluoroethylene sutures was added as a supplementary procedure, if necessary. Anterior leaflet prolapse was preferentially corrected by artificial chordal replacement, Guo, ET AL and supplemented by triangular resection in some cases. Elongation of chordae was repaired with chordal reconstruction including chordal replacement, chordal shorten-ing, or chordal transfer. An annuloplasty ring was used in all cases to complete the repair (Figure 1 ). The surgical procedures are detailed in Table II .
REPAIR FOR MITRAL VALVE PROLAPSE
In addition, all patients received intraoperative transesophageal echocardiography after termination of cardiopulmonary bypass. The necessity of a second pump run for repeat repair was determined depending on the transesophageal echocardiography findings. 13) No patient left the operating room with MR more than mild. Patients were routinely treated with anticoagulants during the first 3 months after repair. Moreover, anticoagulants would be continuously used if they had atrial fibrillation (AF) or flutter. Patient evaluation and follow-up: All patients underwent preoperative echocardiography within 6 months before surgery. The degree of MR was assessed semiquantitatively and classified as none, trace, mild, moderate, and severe based on regurgitant jet length and area. 14) All patients underwent 12-lead electrocardiograms after admission. During postoperative hospital stay, arrhythmia was documented through continuous cardiac monitoring by 5-lead telemetry. Electrocardiograms and electrocardiographic Holter monitoring were performed when necessary to confirm the diagnosis. Electrocardiograms were routinely obtained and checked daily during hospitalization after operation. Ventricular arrhythmia was defined as the presence of any of the following: premature ventricular contractions, couplets, and ventricular tachycardia. 15) Follow-up information was collected from clinic or telephone contact with patients by an investigator blinded to the degree of myxomatous degeneration. Echocardiograms were obtained at least every second year in most patients after discharge from our institution and others. Electrocardiograms were routinely performed and assessed at clinic. Death documentation was obtained from hospital medical records and phone conversations with family members. Cause of death was adjudicated by review of medical records. The follow-up data was obtained up to February 2017. The overall completeness of follow-up was 100%. The mean follow-up time was 5.1 ± 1.8 years (range, 1-8.5 years). Statistical analysis: Comparison of normally distributed variables between groups was performed by an independent-sample t test. Non-normally distributed variables were compared by the Mann-Whitney U test. The chi-square test or Fischer exact test was used for categorical data. Logistic regression was performed to identify the risk factors for death and persistent AF after surgery. Cox regression analysis was used to determine the potential predictors of recurrent MR. Variables with a P value < 0.1 by univariate analysis were included in a multivariate analysis. Kaplan-Meier analysis was used to determine survival and freedom from events. Comparisons were evaluated with the log-rank test. Results with a value of P < 0.05 were considered statistically significant. Statistical analyses were performed with SPSS version 21.0 (IBM Corp, Armonk, NY).
Results
Survival and reoperation rate: All patients survived the operation. There were 6 late deaths (5 cardiac deaths and 1 noncardiac death). The causes of death were congestive heart failure (3 patients), acute myocardial infarction (1 patient), sudden cardiac death (1 patient), and liver cancer (1 patient). Overall survival was 95.1 ± 2.2% at 5 years and 91.1 ± 4.5% at 8 years. There were 5 late deaths among the advanced MVD patients and 1 late death among the mild/moderate MVD patients (P = 0.001). Survival differed significantly between the advanced and mild/moderate MVD groups (76.0 ± 9.7% versus 95.0 ± 5.4% at 8 years, P < 0.001) ( Figure 2 ). The univariate predictors of mortality were advanced myxomatous degeneration, recurrent moderate or severe MR, and early series (surgeries before 2011). However, the number of events was insufficient for multivariate analysis. A total of 3 patients required mitral valve reoperations: 2 for recurrent MR and 1 for endocarditis. All 3 patients survived. The mitral valve was repaired in 1 and replaced in 2 patients. Overall freedom from reoperation was 97.5 ± 1.4% at 8 years. The freedom from reoperation in the advanced MVD group was not significantly different from that in the mild/moderate MVD group (95.6 ± 4.3% versus 97.9 ± 1.4% at 8 years, P = 0.514). Residual MR: All patients had received a postoperative transthoracic echocardiography before discharge. At discharge, residual MR was trace in 11.5% patients (15 of 130) and mild in 6.2% patients (8 of 130). The incidence of residual MR decreased from 34.0% (17 of 50) before 2011 to 7.5% (6 of 80) after 2011 (P < 0.001). Compared to the follow-up data, residual MR worsened in 13 patients (56.5%), stayed unchanged in 4 patients (17.4%), and improved in 6 patients (26.1%). The advanced MVD group had more residual MR (32.0% versus 14.3%, P = 0.041) than the mild/moderate MVD group. Recurrent MR: During the follow-up period, 33 patients (25.4%) had developed recurrent moderate or severe MR. The freedom from moderate or severe MR was 78.9 ± 3.7% at 1 year, 73.6 ± 4.0% at 4 years, and 72.1 ± 4.2% at 8 years. Kaplan-Meier analysis revealed that the mild/ moderate MVD group had higher freedom from moderate or severe MR rate compared with the advanced MVD group (77.4 ± 4.5% versus 50.5 ± 10.2% at 7 years, P = 0.003) ( Figure 3 ). Advanced myxomatous degeneration, isolated anterior leaflet prolapse, cardiopulmonary bypass pump time, and residual MR were identified as risk factors for recurrent moderate or severe MR in the univariate analysis. Multivariable Cox analysis revealed advanced myxomatous degeneration and residual MR as independent predictors of recurrent moderate or severe MR (Table  III) . Atrial fibrillation: AF was documented in 31 of the 130 patients (23.8%) before repair. The maze procedure was performed in 10 patients and was effective in terminating AF during the follow-up in 5 patients. Postoperative AF occurred in 44 of the 130 patients (33.8%), in which 25 patients had persistent AF. In univariate analysis, advanced myxomatous degeneration, isolated anterior leaflet prolapse, preoperative left atrial diameter, and recurrent moderate or severe MR were identified as the risk factors of persistent AF after surgery. In multivariate analysis of these risk factors, advanced myxomatous degeneration (odds ratio [OR] 6.767, 95% confidence interval [CI] 2.153 to 21.276, P = 0.001) and preoperative left atrial diameter (OR 1.119, 95% CI 1.045 to 1.198, P = 0.001) Guo, ET AL were found to be independent predictors of postoperative persistent AF. During the follow-up, there were no significant differences in strokes and mortality between patients with and without persistent AF after repair.
Discussion
The present study provides information on outcomes of patients who underwent mitral valve repair for leaflet prolapse with myxomatous degeneration. This study found, for the first time, advanced MVD patients had significantly lower survival and more persistent AF after mitral valve repair compared with mild/moderate MVD patients. In addition, the present study identified advanced myxomatous degeneration as an independent predictor of recurrent MR in MVD patients who underwent repair, as previously reported. 9) For degenerative mitral valve disease, Carpentier and associates 16) defined the key differentiating factors between Barlow disease and fibroelastic deficiency. However, Carpentier's group also found it difficult to differentiate them. 17) Previous investigators concluded that sometimes the valve may share characteristics of both diseases. 18) In later work, Eriksson and colleagues investigated the etiologic differences based on the degree of myxomatous degeneration in the valve. In addition, the histopathologic findings had been taken into consideration to analyze the prognosis in their work. 10) It is generally accepted that mitral valve repair is related with low operative mortality, excellent long-term durability, and improved survival. 19) A previous study with a small number of events (n = 3) indicated similar survival between advanced and mild/moderate MVD groups. Nevertheless, the follow-up time between these 2 groups was significantly different. 10) The present study with more events, which presented identical follow-up times between the groups, demonstrated lower survival in the advanced MVD group compared with the less advanced MVD group. We found that advanced myxomatous degeneration was a predictor of mortality by means of univariate analysis. In the present study, advanced myxomatous degeneration has been found to be associated with more bileaflet prolapse, multi-segmental prolapse, and chordae elongations. These findings may underlie more extensive and complex mitral valve repair. Thus, we suspect the complexity of valve lesions and repair techniques may impact the long-term outcomes. In previous studies, advanced myxomatous degeneration was identified as a predictor of recurrent MR and reoperation. 9, 20) Suri and colleagues demonstrated that recurrent MR following degenerative mitral valve repair was associated with adverse left ventricular remodeling and late death. 21) Therefore, it is reasonable to consider that the degenerative process is progressive and is not arrested by mitral valve repair. Although the number of events in our series was too limited to draw a strong conclusion, progression of the degenerative process may influence the long-term survival. Further studies with a larger number of patients are warranted to clarify if advanced myxomatous degeneration is an independent predictor of mortality after repair and the underlying mechanisms.
The long-term freedom from moderate or severe recurrence of MR was 64.9 ± 5.6% in Flameng's series at 10 years 6) and 81 ± 2% in David's group at 10 years. 22) The freedom from moderate or severe MR in our patients was 72.1 ± 4.2% at 8 years. The incidence of residual MR was greater in the advanced MVD group than in the mild/moderate MVD group in our study. Advanced myxomatous degeneration usually involves multisegmental prolapse and diffuse valve tissue. In this study, the higher incidence of residual MR is probably due to extensive leaflet resection and complex leaflet remodeling procedures in the advanced MVD group. In line with evidence from previous records, 8, 9, 23) advanced myxomatous degeneration and residual MR were demonstrated to be related to a higher risk of recurrent MR. We suspect that the degenerative process is progressive and is not arrested by mitral valve repair. Minimizing residual MR by improving our techniques will be essential to prevent recurrent MR. Currently, there is no appropriate method to treat the progression of degenerative process. However, it is worth noting that some trials have raised the possibility that the progression could potentially be controlled by therapies that reduce the overexpression of transforming growth factor-beta (TGF-β). 24) We believe that patients with advanced MVD should be differentiated before surgery and monitored with regular echocardiograms to assess valve and left ventricular function during the followup.
The frequency of AF occurred before repair was 23.8% in our study. This rate is in the range reported in the literature. 6, 25) Postoperative persistent AF did not increase the risk of thromboembolic events and mortality in our patients. This is likely because all patients in AF were treated with oral anticoagulants. David and colleagues found advanced myxomatous degeneration to be related with a higher risk of new-onset AF after surgery. 9) Similarly, advanced myxomatous degeneration was an independent predictor of postoperative persistent AF in our study. This association may be mediated by recurrent MR, Guo, ET AL increased hemodynamic burden, and left atrial remodeling. 26, 27) In addition, the abnormal biological pathways involved in MVD may play a role in promoting AF. 24, 28) TGF-β upregulation appears to have an important role in various signaling pathways in the pathogenesis of MVP and AF. We are measuring TGF-β value in MVP patients to explore the exact mechanisms linking advanced myxomatous degeneration and AF.
Our study could have several potential limitations to address. First, the present study included MVD patients from a single tertiary center. Surgeries were performed by a single surgeon. The results are not applicable to other forms of MR. Second, this study is subject to the limitations inherent in a retrospective study. Preoperative transesophageal echocardiograms were not routinely performed to assess displacement of the mitral annulus. Some echocardiographic data, such as left atrial volume, trans-mitral flow velocities, and proximal isovelocity surface area size was incomplete. Third, during the follow-up, echocardiograms were obtained from different institutions, and the interpretation of the results may have been inconsistent. Finally, the number of patients and duration of follow-up were limited. This might account for some non-significant factors. In summary, a multi-center, large sample size, and prospective study may be required to evaluate the longterm outcomes.
In conclusion, the long-term outcomes of mitral valve repair in patients with advanced MVD are poorer than in those with mild/moderate MVD. In addition, the present study identified advanced myxomatous degeneration as an independent predictor of recurrent moderate or severe MR and postoperative persistent AF in MVD patients performing repair. The degenerative process is progressive. Evaluation of myxomatous degeneration may influence surgical timing. In addition, it must be emphasized that advanced myxomatous degeneration requires careful evaluation before and after surgery.
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